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ABSTRACT Cerceris fumipennis Say is a solitary, ground-nesting wasp that preys exclusively on
beetles in the family Buprestidae, including the invasive insect pest, emerald ash borer (Agrilus
planipennis Fairmaire). Understanding patterns of C. fumipennis prey collection over time may
improve use of the wasp as a biosurveillance tool for locating pest Buprestidae of economic concern.
Here, we report on variation in prey capture by C. fumipennis at two sites in North Carolina over a
4-yr period. In total, 466 beetles were collected from the wasps from 2010 to 2013; these comprise 35
species, four new state records, six new prey records, and three native pests. Changes in prey capture
fromyear to year at both sites suggest the importance of continuedbiosurveillance at siteswith known
wasp aggregations as emerald ash borer and other invasive pests spread into and throughout North
Carolina.
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The invasive insect pest, emerald ash borer (Agrilus
planipennis Fairmaire), was Þrst introduced into the
United States in 2002 and has since spread into 20
states, including North Carolina (Herms and Mc-
Cullough 2014, U.S. Department of Agriculture
[USDA] 2014). The beetle is responsible for killing
millions of ash trees throughout the northeastern
United States and Canada and measures to detect and
control this exotic pest are being implemented. Early
detection of emerald ash borer and similar pest bu-
prestid species is crucial for efÞcient pest manage-
ment.

Cerceris fumipennis Say is a native, ground-nesting
wasp that preys almost exclusively on beetles in the
family Buprestidae, including emerald ash borer
(Marshall et al. 2005, Careless 2009). Since 2006, C.
fumipennis has been used as a biosurveillance tool to
detect species of economic importance such as em-
erald ash borer, Agrilus sulcicollis Lacordaire (Euro-
pean oak borer), and Agrilus biguttatus F. (oak splen-
dor beetle), and to document local Buprestidae
diversity (Swink et al. 2013, Careless et al. 2014, Hell-
man and Fierke 2014). The Þrst recorded instance of
emerald ash borer in Connecticut was one collected
from C. fumipennis, supporting the use of the wasp as
a biosurveillance tool (Rutledge et al. 2013).

To efÞciently use C. fumipennis for pest detection,
we need a better understanding of the waspÕs foraging

behavior. As such, the goal of this study was to com-
pareyear-to-yearC. fumipennisprey todetectpatterns
of location-speciÞc prey use over time. Here, we re-
port the variation in C. fumipennis prey collections at
two sites in North Carolina over a 4-yr period.

Methods

C. fumipennisBiosurveillance. C. fumipennis forms
aggregations of between 5 and 500 independent nests in
hard-packed, sandy soil with sparse vegetation in direct
sunlight (Evans 1971, Careless 2009), features that are
characteristicof campgrounds,dirt roads, andrecreation
Þelds used for baseball and softball (ball diamonds). Ball
diamondscanbe locatedusingsatellite imagerybasedon
their recognizable color and shape; sites with potential
forharboringC. fumipennisnest aggregationswere iden-
tiÞed using Google Earth (https://www.google.com/
earth/). The waspsÕ nests are distinctive in appearance;
nests have a circular mound of soil (tumulus) surround-
ing an entrance that runs perpendicular to the soil sur-
face (Swink et al. 2013; Fig. 1). Depending on the loca-
tion andyear, thewasps emerge inMayor June inNorth
Carolinaand forage for5 to6wkafteremergence(Care-
less et al. 2014).

Selected sites were surveyed for presence of C.
fumipennis nests each year from 2010 to 2013 using
methods described by Nalepa et al. (2012). Sites con-
taining at least 15 nestswere revisited to collect beetle
prey from the wasps. Upon arrival at a site, discarded
beetles on the ground in the vicinity of the nest en-
trances were collected. A sweep net was then used to
collect beetles from foraging females returning to
their nests, aided by using plastic collars over the nest
entrance; these collars slow or prevent nest entry by
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a female carrying prey. Formore detail seeCareless et
al. (2009), Swink et al. (2013), and Careless et al.
(2014). The goal was to collect 40Ð50 beetles per site
based on observations that this number represents the
point of diminishing returns with regard to beetle
diversity (Careless 2009). Each positive site was sur-
veyed and beetles collected about once a week until
there were no nests present or the wasps stopped
actively foraging. Beetles were bagged and frozen
whencollected, thenpinned, labeled, and identiÞed to
species by W.G.S. and J.P.B. Beetles have been de-
posited in the collection of the NC Department of
AgricultureBeneÞcial InsectsLaboratory (Cary,NC).

Year-to-Year Comparison. Sites were selected for
year-to-year comparison of collected prey based on
the following criteria: presence of C. fumipennis nests
for all 4 yr of survey (2010Ð2013) and collection of at
least 40Ð50 beetles at a given site for each year of the
survey. Of the 480 sites surveyed as part of the North
Carolina C. fumipennis biosurveillance program, only
two sites met both criteria. Faith Christian Academy
(FCA) is a private school with two adjacent ball di-
amonds and Wayne Community College (WCC) has
one ball diamond. Both sites are located in Goldsboro
(Wayne County) and are 7.2 km apart.

Results

Faith Christian Academy. In total, 260 beetles
were collected at FCA from 2010 to 2013. Thirteen
species were collected in 2010, 17 species were col-
lected in 2011, 20 species were collected in 2012, and
16 species were collected in 2013 (Table 1). Two
specimens were identiÞed as belonging to the Agrilus
politus (Say) complex and two specimens were iden-

tiÞed as belonging to the Chrysobothris femorata (Ol-
ivier) complex (Bright 1987, Wellso and Manley
2007). Because these specimens could not be identi-
Þed to species, they were not included in the total
species count. Eight species were collected in just one
of the 4 yr. Seven species were collected in all 4 yr.
Buprestis maculipennis Gory represents 30% of the
beetles collected, more than any other species (Fig.
1). Chrysobothris Eschscholtz was the most diverse
genus collected over 4 yr (10 species) as well as the
most diverse genus collected each individual year
(equal to Agrilus Curtis in 2011 and Buprestis L. in
2013).

Wayne Community College. In total, 206 beetles
were collected at WCC from 2010 to 2013. Nine spe-
cies were collected in 2010, 12 species were collected
in 2011, 13 species were collected in 2012, and 11
species were collected in 2013 (Table 1). In 2011, two
specimens were identiÞed as belonging to the A. poli-
tus complex (Bright 1987) and were not included in
the total species count. Ten species were collected in
just one of the 4 yr. Three species were collected in all
4 yr. The most frequently collected species was B.
maculipennis, and Chrysobothris was the most diverse
genus collected over 4 yr (seven species). Buprestis
was the most diverse genus collected each individual
year (equal to Chrysobothris in 2013).

Combined Analysis. In total, 466 beetles were col-
lected at FCA and WCC from 2010 to 2013. B. macu-
lipennis was collected more than any other species at
both sites each year, with two exceptions. In 2010 and
2011 at FCA, Buprestis rufipes Olivier and Agrilus le-
contei Saunders were the most frequently collected
species, respectively (Fig. 2a). Buprestis was the most
frequently collected genus with 61.2% (Þve species)

Fig. 1. The number of beetle species collected by C. fumipennis at FCA and WCC from 2010 to 2013.

1122 ANNALS OF THE ENTOMOLOGICAL SOCIETY OF AMERICA Vol. 107, no. 6



of total beetles collected at FCA and WCC from 2010
to 2013 (Fig. 2). The secondmost frequently collected
genus was Chrysobothris at 15.9% (12 species) and the
third was Agrilus at 8.2% (7 species). The remaining
seven collected genera made up 14.8% of the beetles
collected over the 4 yr at both sites. While Buprestis
was the most frequently collected genus, Chrysobot-
hris was the most diverse genus collected. All but one
species collected at both sites were in the family Bu-
prestidae. Neochlamisus sp. Karren (Chrysomelidae)
is a known alternative prey of C. fumipennis and was
collected by the wasp at FCA in 2012 and 2013 and
WCC in 2013 (Scullen and Wold 1969, Rutledge et al.
2011, Swink et al. 2013).

Four species collected at these sites were identiÞed
asnewstate records forNorthCarolina.A. leconteiwas
Þrst collected at FCA in 2011 and again in 2012 (Table
1). Agrilus quadriimpressus Ziegler was collected at
FCA in 2012. Buprestis consularis Gory was collected
in all 4 yr at both sites (Table 1). A. lecontei, A. quadri-
impressus, and B. consularis were reported as new state
records in Swink et al. 2013. Based on Nelson et al.
(2008), the fourth new state record, Phaenops obtusa
(Horn), was collected at WCC in 2013. The material
examinedisas follows:Phaenopsobtusa(Horn).NORTH
CAROLINA, Wayne Co., Goldsboro, Wayne Commu-

nity College, 35� 24�05� N, 77� 56�33� W, 16-VI-2013 (1),
Cerceris fumipennis prey, C. A. Nalepa.

There were six new prey records for C. fumipennis
collected at these sites. The following were reported
as new prey records in Swink et al. 2013: Acmaeodera
tubulus (F.) (collected at WCC in 2011 and at both
sites in 2012), A. lecontei, and A. quadriimpressus.
Chrysobothris rugosiceps Melsheimer was collected at
FCA in 2012. Chrysobothris shawnee Wellso & Manley
was collected in all 4 yr at FCA and in 2010 and 2011
at WCC. P. obtusa has been collected only at WCC.

Among the species collected, three are native pests:
Agrilus bilineatus (Weber) (two-lined chestnut borer),
Agrilus ruficollis (F.) (red-necked cane borer), and C.
femorata (ßat-headed appletree borer; Solomon 1995).
One specimen of A. bilineatus was collected during the
study at WCC. Nine A. ruficollis were collected at FCA
from 2011 to 2013. Rubus sp. L., host of A. ruficollis
(Nelson et al. 2008, Paiero et al. 2012, Harpootlian and
Bellamy 2014), is a common shrub along the edge of the
ball diamonds at FCA (Nalepa et al. 2013).

Discussion

The results of this study suggest the importance of
repeat visits to a site with a known C. fumipennis nest

Table 1. Species of Buprestidae collected from C. fumipennis at FCA and WCC from 2010–2013

Species
2010 2011 2012 2013

FCA WCC FCA WCC FCA WCC FCA WCC

Acmaeodera tubulus (F.) ✓ ✓ ✓
Actenodes acornis (Say) ✓ ✓ ✓ ✓ ✓ ✓ ✓
Agrilus bilineatus (Weber) ✓
Agrilus fallax Say ✓ ✓
Agrilus lecontei Saunders ✓ ✓
Agrilus obsoletoguttatus Gory ✓
Agrilus politus complex (Say) ✓ ✓
Agrilus q. quadriguttatus Gory ✓ ✓ ✓
Agrilus quadriimpressus Ziegler ✓
Agrilus ruficollis (F.) ✓ ✓ ✓
Brachys ovatus (Weber) ✓ ✓ ✓ ✓
Buprestis consularis Gory ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
Buprestis lineata F. ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
Buprestis maculipennis Gory ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
Buprestis rufipes Olivier ✓ ✓ ✓ ✓ ✓ ✓ ✓
Buprestis striata F. ✓ ✓ ✓ ✓
Chrysobothris chlorocephala Gory ✓
Chrysobothris chrysoela (Illiger) ✓ ✓ ✓
Chrysobothris cribraria Mannerheim ✓ ✓ ✓ ✓
Chrysobothris dentipes (Germar) ✓
Chrysobothris femorata (Olivier) ✓
Chrysobothris femorata complex ✓ ✓
Chrysobothris pusilla Gory & Laporte ✓ ✓ ✓
Chrysobothris quadriimpressa Gory & Laporte ✓ ✓ ✓ ✓ ✓ ✓
Chrysobothris rotundicollis Gory & Laporte ✓
Chrysobothris rugosiceps Melsheimer ✓
Chrysobothris sexsignata Say ✓ ✓ ✓
Chrysobothris shawnee Wellso & Manley ✓ ✓ ✓ ✓ ✓ ✓
Chrysobothris viridiceps Melsheimer ✓ ✓
Dicerca asperata (Laporte & Gory) ✓
Dicerca lurida (F.) ✓ ✓ ✓ ✓ ✓
Dicerca spreta (Gory) ✓
Dicerca tenebrosa knulli (Kirby) ✓
Neochlamisus sp. Karren ✓ ✓ ✓
Phaenops aeneola (Melsheimer) ✓ ✓ ✓ ✓
Phaenops obtusa (Horn) ✓
Spectralia gracilipes (Melsheimer) ✓
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aggregation to obtain a complete picture of local bu-
prestid diversity. At both FCA and WCC there were
species collected inonly 1of the4yrof the survey, two
of which were new records for the state (A. quadri-
impressus and P. obtusa), and one of which was a
federally recognized native pest, A. bilineatus (Haack
and Acciavatti 1992). In addition, at both sites at least
one species was collected each year that had not been
captured in previous years (Table 1).

Changes in prey selection by the wasps may be
inßuenced by a variety of factors. Adult C. fumipennis
females are active for a single season, so each gener-
ation locates novel foraging sites (Linsley and Mac-
Swain 1956, Evans 1971). Trees and shrubs visited by

wasps one year may not be visited the following year.
Prey selection may depend upon local and temporal
availability of the beetles as well as on wasp-speciÞc
characteristics such as body size and age (Polidori et
al. 2007). Females likely return to a hunting site at
which they have had initial foraging success. The
wasps orient to their nests before making foraging
trips; therefore, they likely orient to a successful for-
aging site. At bothFCAandWCC,B.maculipenniswas
the most frequently collected species perhaps sug-
gesting that the wasps located a hunting site with an
abundance of prey and made successful return trips.
However, there is enough variation among prey spe-
cies to suggest that the wasp does not develop pref-

Fig. 2. Number of each beetle species collected by C. fumipennis for year-to-year comparison. (a) Species collected at
FCA. (b) Species collected at WCC.
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erences for particular prey taxa and hunts based on
availability of prey. Other factors to consider include
habitat preferences of the buprestid beetles and a
relationship between wasp size and size of the prey
(Linsley and MacSwain 1956). Prey that are abundant
one year may experience population decline in sub-
sequentyears (StubbleÞeldet al. 1993).Becauseof the
changes in prey availability and choice from year to
year, continuing to survey C. fumipennis nest sites
should be standard practice for effective use of the
wasp as a biosurveillance tool.
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